Objectives/Hypothesis: To demonstrate the feasibility of optical coherence tomography in microstructural imaging of the porcine cochlea.
INTRODUCTION
Optical coherence tomography (OCT) is an emerging, noninvasive imaging modality that uses low-coherence interferometry to produce a two-dimensional image of internal tissue microstructures. 1 It uses light to discern intrinsic differences in tissue structure and uses coherence gating to localize the origin of the reflected optic signal. Internal tissue microstructures can be visualized using OCT with excellent axial and lateral spatial resolution on the order of 10 m, and of a depth of penetration of approximately 2 to 3 mm depending on tissue translucency.
Over the last two decades since its inception, OCT has become widely-established for its clinical applications in the fields of ophthalmology and dermatology for visualizing the more translucent tissues of the eye 2 and the more superficial tissues of the skin, 3 respectively. Clinical use of OCT has since been extended to the fields of cardiology and gastroenterology in visualizing deeper structures such as coronary vessels 4 and the gastrointestinal tract. 5 Most recently it has been used in the field of otolaryngology to visualize the larynx, 6 but use of OCT clinically has largely been limited by its relatively limited depth of penetration, due to the turbidity of most biological tissues. Novel delivery systems and routes of access have broadened the scope of clinical application for OCT.
In this study, we aim to extend the clinical use of OCT to the cochlea. Successful OCT imaging of the cochlear microstructures has recently been demonstrated in the rat; 7, 8 however, these studies posit that thick human bone would pose a technical challenge for this technology. This will be the first study to date to provide anatomic information on the microstructural features of the pig cochlea using OCT. By successfully performing intracochlear OCT imaging on the pig cochlea, which more closely approximates the human cochlea in bone thickness, we have shown this technology to be of potential value in guiding microsurgical procedures on the human cochlea, such as cochlear implantation (CI) or other inner ear surgeries in the future. Specifically we intend to show that OCT has the potential of providing neurotologists intraoperative feedback on the correct placement of the cochleostomy, before opening the endostium in hearing-preservation CI. 
MATERIALS AND METHODS
Three fresh porcine heads were obtained within 1 hour of sacrifice from a commercial supplier (Sierra, Irvine, CA). Soft tissue was removed from the cranium. Six intact otic capsules were extracted from the temporal bones, isolated, and placed in cold saline. Three of the otic capsules were drilled to expose the basal turn of the cochlea, while the stapes was removed from the other three to expose the oval window. The bone over the cochlea was drilled with a high-speed diamond burr until only a thin bony lamina or endosteum remained. The endosteum was not penetrated.
OCT uses near-infrared light to produce real-time, highresolution (1-10 m), cross-sectional images of in situ tissue microstructure without ionizing radiation. OCT imaging was performed under a University of California, Irvine, Institutional Review Board-approved protocol. The OCT device consists of a noncontact probe positioned over an imaging stage that can be adjusted in the vertical and horizontal planes (Fig. 1) . The specimen was placed on the stage and the OCT beam moved over the specimen at eight frames per second, producing two-dimensional OCT images. Image intensity was proportional to the amount of reflected light in a given region of interest. Image size was 1.87 mm laterally (10 m resolution) and 2.56 mm in depth (7 m resolution). After imaging, the cochleae were fixed (10% formalin), embedded, and sectioned for histological comparison.
RESULTS
In the areas of thinned bone, images were obtained of the spiral ligament, stria vascularis, Reissner's membrane, basilar membrane, tectorial membrane, scala media (SM), scala tympani, and scala vestibule (SV) ( Fig. 2A) and compared with the corresponding histological section (Fig. 2B) . The bone was too thick for adequate light penetration in the areas where it was not thinned.
DISCUSSION
Hearing preservation approach for CI is becoming more and more prevalent. When performing the cochleostomy in a hearing preservation approach, it is important to not penetrate the SM. It has been found that the position of the spiral ligament in the basal turn and the hook region is variable. 9 Localization of the spiral ligament before opening the basal turn endosteum in the soft technique will help to prevent inadvertent SM or SV electrode insertion. Potential misdirection of the electrode can lead to SM, SV, vestibular, 10 extracochlear, intrameatal, or carotid canal 11 array insertion, or injuring the spiral ligament or stria vascularis thus leading to total hearing loss.
At present, there are no imaging modalities that can provide tomographic information on cochlear microstructure. The purpose of this study was to evaluate OCT, which uses safe, low energy, nonionizing light, for imaging of the cochlear microanatomy before cochleostomy to allow accurate placement of cochlear implant arrays. The previous studies on OCT of the cochlea were conducted in rats and posited that the thick bone of the promontory in humans would cause near total loss of the backscattered light signal and thus prevent useful imaging. Porcine cochleae were Corresponding hematoxylin and eosin stained histological section (please note that due to sectioning artifact, there is a disruption of the thinned bone of the promontory). Arrow head, thinned bone of the promontory; thin arrow, Reissner membrane; wide arrow, osseous spiral lamina; star, spiral limbus; sv, scala vestibule; sm, scala media; st, scala tympani.
chosen for this study because the osseous thickness more closely approaches that of humans. After drilling, intracochlear and vestibular microanatomic structures were clearly identified. This is the first study to date to provide anatomic information on the structural features of the pig cochlea using OCT, and the images reflect the ability of OCT to provide micron scale information of internal cochlear structure in real time. Our results suggest that OCT can be a useful adjunct in hearing preservation CI or the future of neurotology and inner ear surgery. OCT probes small enough to image small to medium sized blood vessels already exist. Therefore, the technology will just have to be adapted to probes that are suitable for microsurgery of the ear. 4 As stated above, the radiation is near the infrared portion of the electromagnetic spectrum, and, therefore, is nonionizing. The energy content is very low and does not lead to heating at the exposure times needed to obtain the necessary information. 6 As an example, it is used safely to image the delicate tissue of the retina, 2 and, thus, should also be safe for the cochlea.
CONCLUSION
This study demonstrates the viability of visualizing the porcine cochlear microstructural anatomy. As this imaging modality is noncontact and uses a safe near-infrared light source, OCT may in the future provide a means to image microstructural changes in the inner ear in vivo while preserving inner ear integrity. It has the potential to become an indispensable surgical tool whenever detailed information about microanatomy is essential for accurate surgical guidance, for example in accurate electrode placement during hearing-preservation CI. This study was conducted in otic capsules that were extracted from the remainder of the temporal bone. Further research is needed to evaluate the feasibility of OCT assisted CI through transmastoid surgical exposure of the middle ear.
